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The article presents the results of research on the technological process of hay harvesting with additional
drying of grass by active ventilation. In Ukraine, the most widespread is the preparation of loose hay, the volumes
of which exceed 70%. Loose hay is harvested by drying mowed grass in the field or by further drying with active
ventilation. Harvesting loose hay by drying grass in the field is accompanied by significant losses of nutrients,
which exceed 40%. The use of active ventilation allows you to reduce nutrient losses, since in this case the grass
is taken from the field at a humidity of 35...40% and further dried by blowing atmospheric or heated air through
the grass. Haystacks are used for drying with active ventilation, as well as closed rooms in which ventilation
units can be installed. When choosing drying equipment, it is advisable to use such criteria as the possibility of
obtaining feed with maximum preservation of nutrients at the lowest possible specific energy consumption for
the process. Such drying equipment should have a simple design and ease of maintenance. Grass drying occurs
due to the difference in water vapor pressure in the air and on the surface of the grass. The vapor pressure in the
air that is pumped into the straw rick should be lower. This situation occurs when the relative humidity of the air
in the pores between the plants is less than the equilibrium humidity of the air. It is shown that hay harvesting
using active ventilation should be considered as a flow process that includes: mowing grass, drying mowed grass
in the field, picking up and transporting the dried mass, drying the dried grass by active ventilation. To ensure
the continuity of the flow, it is necessary to equalize the output for changing all links of the flow process complex.
The dependencies are given, which allow determining: air velocity in the grass layer during ventilation; required
fan performance; hay yield per hectare; specific pressure losses in the meadow clover layer; power of the electric
motor for driving the fan; volume and quantity of harvested hay.

Keywords: active ventilation, dried grass, hay, drying, pressure loss, flow process.

Eq. 11. Fig. 4. Ref. 17.

1. Problem formulation

Hay is a feed that has been used in animal feeding since ancient times. This is the oldest method of
preserving herbs, which has not lost its importance even today due to its availability, simplicity, and relatively
high quality of feed.

According to standard terminology [1], hay is roughage obtained as a result of dehydration of grass to a
moisture content of no more than 17% by air-solar drying or air-solar drying to a moisture content of (35...40)%
with subsequent drying by active ventilation, i.e. when harvesting hay, drying of mowed grass can be carried out
in two ways: a) naturally under the influence of the sun and wind; b) drying in the field with further drying of the
collected mass by forced blowing of atmospheric or heated air through it.

A necessary condition for the loss of moisture by mowed grass is the supply of heat to it. Therefore, field
drying technologies for harvesting hay are less energy-intensive because they do not require additional energy
costs for drying grass except for the energy of the sun and wind [2, 3]. However, drying grass in natural conditions
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depends on many random uncontrollable weather factors and not always, technologies based on this drying
method can ensure the harvesting of high-quality hay.

In variable weather, the duration of natural drying increases. The longer the drying takes, the greater the
likelihood that the cut grass will be exposed to precipitation (rain, hail, fog), which leads to leaching of the most
digestible nutrients and a decrease in the intensity of drying.

Hay made from grass that has been exposed to prolonged rain during the drying process becomes moldy
and has an unpleasant odor. Sometimes such hay turns brown and has low protein digestibility [4].

With long-term drying, plants are unable to resist the vital activity of mold fungi and other harmful
microorganisms, which also leads to a decrease in the nutritional value of hay.

Significant losses of grass nutrients , primarily protein during field drying encourages improvement of
hay harvesting technologies. Accumulated experience shows that nutrient losses can be reduced, and therefore
hay quality can be improved, by artificially drying the grass dried in the field by active ventilation [5].

Drying mowed grass during haymaking is a complex technological process, which is accompanied not
only by losses of moisture but also nutrients by plants. Therefore, the correct choice of drying methods and modes
remains one of the main tasks of any haymaking technology.

2. Analysis of recent research and publications

Drying of mowed grass is a complex process, which is accompanied by losses of mowed plants not
only of moisture, but also of nutrients as a result of biochemical processes, the vital activity of microorganisms,
and leaching by precipitation. Moreover, the rates of all losses increase as the drying duration increases [6, 7].

The authors [8] developed a mathematical model of drying of leafy-stem material, which includes
dried grass, by active ventilation. The developed model allows to determine the change in the moisture content
of the material over time, taking into account the heat of self-heating and natural compaction of the material.
In the studied processes of active ventilation [9] and drying of agricultural crops, the processes of ensuring
their effective storage and increasing the energy efficiency of technological processes were considered.

Derkach V. V. [6] proposed a mathematical model for determining the duration of field drying of
mowed alfalfa during hay harvesting, which takes into account the influence of natural climatic factors on the
process.

In publications [3, 4, 5, 9, 10, 11, 14] it is shown that in order to reduce losses and obtain high-quality
hay, it is advisable to use the active ventilation method, which involves collecting withered grass from the field
with a humidity of 35...40 %, after which it is dried using cold or heated air distribution systems. The air
supplied by the fan actively circulates in the middle of the haystack or stack of grass, gradually removing
moisture.

Despite a significant number of scientific publications in the field of hay harvesting using active
ventilation, there are many unresolved problems that hinder the widespread introduction of this method of hay
harvesting into production.

3. The purpose of the article

Highlighting the agro-engineering aspects of the technology of bulk hay harvesting, aimed at
maximum preservation of nutrients in green mass. Special attention is paid to the study of the processes of
grass drying by active ventilation, as well as substantiation of air supply parameters and energy consumption
of the drying process.

4, Results and discussion

In Ukraine, the most widespread method of hay harvesting is loose hay. The volume of such hay
harvesting exceeds 70 % [10, 11]. Loose hay is harvested by drying the cut grass in the field or by further
drying with active ventilation.

Harvesting loose hay with field drying of grass is accompanied by significant losses of nutrients. Thus,
the authors [12] claim that the actual losses during harvesting of loose hay with field drying can exceed 40%.

The use of active ventilation for hay harvesting reduces nutrient losses, since in this case the grass is
collected from the field at a humidity of 35...40 % and dried with atmospheric air or 40...45 % with the
following drying with air heated, but not more than 5...7 °C. The use of this technology reduces the loss of
the most valuable parts of plants in terms of feed — leaves and inflorescences.

When harvesting loose hay with active ventilation, the grass is mowed with or without flattening and
dried in swaths. To speed up the drying process, the grass is periodically stirred. When the moisture content of
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legumes reaches 55...50 %, and that of cereals 50...45 %, they are raked into windrows, in which the grass is
dried to a moisture content of 40...45 %. After that, the grass is removed from the field and dried in storage
places on special air distributors by blowing atmospheric or heated air through the grass layer.

When drying herbs in the field, the following must be taken into account:

- when harvesting hay, one should try to preserve the maximum amount of leaves, since protein is
mainly contained in the leaf mass of grasses, due to the reduction to a minimum of the drying process in
mowing and windrows;

- mowed grass in swaths should be raked into windrows in dry weather;

- it is impractical to overdry grass in swaths, as this can lead to large losses due to the breaking off of
leaves and inflorescences when raking into swaths;

- to reduce nutrient losses, it is necessary to dry grass not in rolls, but in swaths;

- if the grass is mowed with a windrow mower, it is necessary to spread the windrows;

- during the drying process, it is necessary to stir the grass with the obligatory turning of the grass
layer;

- the duration of drying of cut grass in the field should not exceed two days.

It is necessary to comply with the above requirements for the reason that individual parts of the plant
give off moisture unevenly. Leaves dry faster than stems, since their surface area, which evaporates water, is
much larger than that of stems. In leaves, the path of moisture movement from the inner layers of cells to the
outer ones is shorter. In addition, the stems of legumes are covered with a waxy layer, which makes it difficult
for water to evaporate directly. As a result, the leaves of herbs, due to the peculiarities of their anatomical
structure, acquire moisture much faster than the stems, at which they become brittle and are crushed under
the action of the working parts of machines and are irretrievably lost [13].

For drying by active ventilation and subsequent storage of hay, haylofts built according to standard
designs are used, as well as closed barns, sheds, attics of livestock farms and other premises in which
ventilation units can be installed. If the above types of storage are not available, then the dried grass is dried
in sheds formed on specially equipped open areas.

When choosing a place and equipment for drying dried grass, it is advisable to use such criteria as the
possibility of obtaining feed with maximum preservation of nutrients at the lowest possible specific energy
consumption for the process. Such drying equipment should have a simple design and ease of maintenance.

In rooms and sheds, the grass can be dried in layers or, provided that a stack or shed is formed, in one
go - in one day.

During layer-by-layer drying in haylofts, the dried mass is laid evenly over the entire area of the air
distribution system so that it extends 1.0...1.5 m beyond the lattice flooring. Ventilation begins after the grass
mass has been laid over the entire area of the installation in a layer of at least 1.5 m. Then, with the fan turned
on, this layer is increased to 2.0...2.5 m. After the grass has dried on the surface of the laid layer to a humidity
of 25%, a second layer 1.5...2.0 m high is laid and drying is continued. Layer-by-layer laying of the grass
mass is continued until the storage is filled.

If the initial humidity of the grass is 25...30 %, it is placed for drying in one go.

The stack for drying grass by active ventilation can also be formed in one or more stages, usually two.
When forming the stack in two stages, first a layer of grass with a height of 2.0...2.5 m is placed on the air distribution
system of the drying installation. In the second approach, the height of the stack is increased to 5.5...6.0 m, that is,
to the height of the stack. The second layer is placed when the humidity of the first drops to 25%.

For drying herbs in large-volume sheds, air ducts up to 20 m long are used. In this case, fans are
installed on the ends, and in the middle, the air duct is separated by a blank partition.

When drying dried grass in barns or haylofts, it should be placed as loosely as possible on the air
distribution systems of the drying plants. Mass that has high humidity from rain or dew should not be placed
for drying.

Haystacks for drying grass are formed on elevated places that are not flooded by rainwater. The ground
at the site where the haystack is laid is tamped. The middle of the haystack base should always be higher than
the edges. The top of the haystack must be fixed with poles or a wire with a load so that the wind does not
blow away the freshly laid grass. Before starting to form the haystack, it is necessary to lay a layer of straw
0.2...0.3 m thick around the air distributor to reduce damage to the hay during long-term storage. The haystack
or stack must be formed from grass that has approximately the same humidity.

When drying grass in an open area, it is necessary to have a tarpaulin or polyethylene film to cover the
shed in rainy weather.
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Each of the methods of laying grass for drying has its advantages and disadvantages. Layered drying
extends the process to 14...16 days for loose hay and 18...30 days for pressed hay. For grass laid for drying
in two stages per square meter of ventilated area, it is necessary to supply 300...450 m® of air per hour, and
when drying grass laid in one stage, the air supply is doubled. This increases energy consumption, since the
aerodynamic resistance to blowing grass increases [14].

Plants for drying dried grass mass by ventilation consist of a fan and an air distribution system. The
simplest plants in terms of design have only a central air duct of trapezoidal, square or triangular cross-section.
Previously, the industry produced UVS-10M and UVS-16 drying plants. They were intended for drying
crushed and uncrushed dried grass by ventilation in sheds and rooms with cold or heated air.

When using the UVS-10M installation, a straw rick is formed with a length of 12...13 m, a width of
5.5...6.5 m and a height of 6...7 m, and when using UVS-16A, respectively, 18...19 m; 5.5...7.0 m and 7 m.

The air duct can be made directly on the farm from poles, rails, metal. In cross section they are a
triangle or a trapezoid, they can be made solid or prefabricated (from several sections). For straw rick, the air
duct is mostly made trapezoidal in shape: height 2 m, width near the ground - 1.5 m, at the top - 1.0 m. The
length of the channel depends on the size of the straw rick, but should not exceed 18 m according to hydraulic
requirements. The channel is usually 1.5...2.0 m shorter than the straw rick. The area of the holes in the walls
of the channel should be at least 50% of its total surface. Channels are made with both a constant cross section
and a variable one. In the latter case, the cross section of the end of the channel opposite the inlet opening
should be approximately 1/3 of the area of the inlet cross section. On the fan side, the channel is closed for
approximately 1.5...2.0 m along the entire perimeter, its rear end wall is also solid. The cross-sectional area of
the channel on the fan side should be selected to ensure an air velocity in it of no more than 4...5 m/s.

Depending on the area of the air distribution system and the air flow rate, the air flow velocity in the
duct can be determined by the formula:

Q
= 1
V= 36005 M

where V is the air flow velocity in the duct, m/s; Q is the fan performance, m%h; S is the area of the air
distribution system of the ventilation installation, m?.

The disadvantage of air ducts of this design is the small ratio of their surface to the volume of grass in
the chute, resulting in significant pressure losses created by the fan.

More advanced air distributors, which ensure uniform air distribution over the entire storage area
(straw rick) with a lower pressure drop, consist of a main channel and side grid floors. Such air distributors are
used both for drying hay in open areas and in haylofts, barns and under sheds.

Drying grass by active ventilation is based on the use of the voids of porosity the grass mass, i.e. the
presence of numerous voids between the plants, interconnected by air channels of various cross-sections and
lengths (Fig. 1). The voids between the plants form an air duct system in the grass stack, through which air can
move in any direction. The air flow affects the temperature and humidity of the grass, changes the gas
composition of the air in the voids between the plants, i.e. affects precisely those factors on which the drying
speed and preservation of the nutrients of the grass depend. The voids of the grass stack affect the resistance
to the air flow, the uniformity of the grass moisture, the height of the stack and the type of fan.

The drying process occurs as a result of the movement of moisture from the middle of the vegetative
organs of plants (stems, lateral shoots, leaves) to their outer layers. When air flows around the wet parts of
plants, water evaporates and leaves the surface of the material, passing into the environment . Evaporation of
moisture from the surface creates a difference in moisture content in the middle of the vegetative organs and
the surface layers. Thus, during the drying process, moisture is continuously supplied from the inner layers to
the surface, as a result of which its level decreases not only on the surface, but also in the depth of the material.

The drying of grass occurs due to the difference in water vapor pressure in the air and on the surface of
the grass [9]. The vapor pressure in the air that is pumped into the straw rick should be lower. This situation
occurs when the relative humidity of the air in the pores between the plants is lower than the equilibrium
humidity of the air. Evaporation of water from the surface of the grass is accompanied by an equalization of
its moisture content inside, so the moisture is removed to the outside. The speed of equalization of moisture
inside the grass depends on its size: the greater the thickness of the vegetative organ of the grass, the slower
the equalization.
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Fig. 1. Scheme of air movement through a layer of withered grass during active ventilation

The duration of drying by active ventilation of grass depends on its humidity and ventilation modes.
To avoid mold in the grass, the drying time should not exceed 15 days, and to reduce nutrient losses, it is not
necessary to allow the grass to self-heat above 40 °C.

The first two days of drying the pile of grass is ventilated continuously regardless of the weather. In
the future, the fans are turned on when the relative humidity of the air is less than 75% and the temperature is
more than 15 °C. During the rainy period of drying, the fans are not turned on. During prolonged bad weather,
when the temperature of the mass rises above 40 °C, it is cooled, periodically turning on the fan [5].

During the day, the relative humidity of the air changes. Therefore, to determine the duration of drying,
it is necessary to know the duration of the period favorable for drying, at which the relative humidity of the air
is less than the above-mentioned level. For example, according to [4], the possible duration of ventilation
during the day in the Vinnytsia region is 15 hours.

A significant influence on the intensity of drying of dried grass by active ventilation is its self-heating,
which occurs as a result of biological processes and the vital activity of microorganisms in the grass. The self-
heating of grass is affected by its humidity and temperature. The intensity of self-heating decreases with a
decrease in grass humidity, and when the conditioned humidity of hay is reached, heat release stops. Heat
release is accompanied by the breakdown of carbohydrates and loss of nutrients. As a result of self-heating of
dried grass during its drying by active ventilation, 5-10% of dry matter is lost [15].

An increase in the temperature of grass from self-heating above 40 °C is especially dangerous, because
in this case irreversible processes occur associated with the denaturation of proteins, which leads to a decrease
in their digestibility by animals.

Nagriv air reduces drying time. It is known that an increase in air temperature by 1°C reduces its
relative humidity by 5%, increasing its ability to absorb moisture by approximately 0.25 g/m?.

It should be noted that drying grass by ventilation, even atmospheric air, is a relatively energy-intensive
process, because to obtain one ton of hay from grass with a moisture content of 35...40 %, it is necessary to
spend almost 120 kW/h of electricity [16].

It is clear that reducing the duration of ventilation by heating the air with electric heaters or heat
generators will lead to additional consumption of energy resources when harvesting hay.

For energy saving reasons, preheating of air has not become widespread in Germany and is decreasing
in the USA. Due to climate change in Ukraine, hay harvesting using unheated air is the most effective.

Drying of dried grass by active ventilation should be organized so that there is no accumulation of it
near haystacks or in places where drying is organized, which will allow to avoid its self-heating. This means
that the equipment for harvesting hay: mowers, tedders , rakes, and drying units should have coordinated
performance.

Harvesting loose hay using active ventilation can be considered as a flow process (Fig. 2), which
includes the following technological groups: mowing grass, drying mowed grass in the field, picking up and
transporting the dried mass, drying the dried grass by active ventilation.

To ensure the continuity of the flow, it is necessary to have equal output for changing all links of the
flow process complex:
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where W, is the output per change of the flow process, t/shift; Wi, W-,..., Wyare the hourly technical
productivity of units in separate technological groups of the flow process, t/h; ni1 n; . ..., n, are the number of
units or transport units in the corresponding technological groups; T1, T2,..., Ty are the duration of operation
of each technological group, h; U is the hay yield, t/ha.

Mowing Active ventilation

*the operation is performed with
mowers or mower conditioners

Storage, packaging

used when the moisture *Wrapping mass into polymer film .

ensuring uniform laying of the mowed content of the mass still Such operation used for protection
mass and contributing to the initial exceeds the safe level for from atmospheric precipitation and
reduction of the moisture content of adverse weather conditions
storage
the plant mass.
Withering Drying

Picking and transportation A .
*staying in the field in the swaths, rying hay in barns, storage areas or

o *mass are selected special pickers or under canopies . They are used active
where the humidity decreases under . . . .
. S balers and transported to the site ventilation , which provides passage

the influence of solar radiation and " N

L . further processing or storage air through the hay layer and removal
natural air circulation " .

excessive moisture .
Stirring Raking into rolls
*Loosening and turning the grass mass sthe mass is finally turned over for

to allow sunlight to reach it radiation drying bottom layer and forming into
and air to the lower layers of swathe rolls, convenient for further matching

Fig. 2. Technological scheme of hay harvesting with additional drying by active ventilation

The yield or harvest of hay per hectare can be determined if we assume that during the haymaking
process the dry matter of the grass is not lost, but only the evaporation of moisture occurs. Then, based on the
material balance of the conservation of dry matter, we will have:

U= (100 - at) U 3)
“\100 —a./ ¥

where a; i a, respectively, are the moisture content of grass and the onditioned moisture content of
hay, %; U; is the grass yield, t/ha.

Sometimes when drying grass by active ventilation, it is necessary to know how much water needs to
be removed from the dried grass to obtain hay. It can be determined by the formula:

_ apt—ac>
¢= (100 —a) e )

where G is the mass of water that needs to be removed, t; Uy,  is the mass of dried grass, t; a,  is the
humidity of dried grass, %.

Equation (4) is used to construct a surface dependence (Fig. 3) of the mass of water that must be removed from
the dried grass during drying by active ventilation. Surface analysis shows that with increasing humidity and mass of the
grass mass, the amount of water that must be removed increases significantly.

During the drying process, the air flow, which is blown by the fan when it meets the grass layer, is divided into
a large number of smaller flows that move in the winding voids between the vegetative organs of plants and wash almost
every plant. Passing through the dried grass, the air has a different effect on it. Under its action, the gas
composition of the air in the pores between the vegetative organs of plants, the temperature and humidity of
the grass and the intensity of microbiological processes in the plant mass change.

During ventilation, the air flow due to the static pressure created by the fan must overcome the
aerodynamic resistance of the grass layer. Since the total pressure developed by the fan is equal to the sum of
the static and dynamic pressure, in order to increase the static pressure, it is necessary to reduce the dynamic
pressure. This can be achieved by reducing the speed of air movement in the grass layer. The passage of air
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through the layer leads to pressure losses. The term "pressure loss™ means the difference in pressure between
two cross-sections perpendicular to the direction of air supply, laid out for drying grass, through which cold or

heated air passes.
Pressure losses during ventilation are mainly associated with the passage of air through a dense layer

of grass, where they depend on the stacking density, moisture and particle size of the hay, as well as on the air
flow velocity, creating hydraulic resistance that reduces ventilation efficiency and increases energy

consumption.

Mass of water removed G, ¢

Fig. 3. Dependence of the mass of water removed during active ventilation on the humidity and mass of
dried grass

It has been established that a layer of dried meadow clover resists the movement of air when it is
supplied against the direction of natural compaction, which can be determined by the dependence:

AP = 0,083p%°V17, (5)

where AP is the specific pressure loss, Pa/m; p is the volumetric mass of grass, kg/m?; V is the air
velocity in the grass layer, m/s.

The duration of drying, and therefore the energy consumption, depends on the moisture content of the
grass and the ventilation modes. For example, when drying one ton of dried grass with a moisture content of

35% to 17%, 217 kg of water must be removed by active ventilation.
In active ventilation installations for drying grass, centrifugal (radial) fans of general industrial purpose

of low pressure are used. Compared to axial fans, they are characterized by increased fire safety, stable
operation with increased aerodynamic resistance of the layer of plant mass and the ability to provide the
necessary air pressure for the effective passage of the air flow through the layer of hay. It is possible to choose
a fan for active ventilation based on its aerodynamic characteristics, which are given in the fan's operating
instructions, when its performance and the pressure it must create are known.

The required fan performance can be determined using the following formula:

Q= Su, (6)

where Q is the air flow rate, m%h; u is the specific air supply for ventilation, m3/(m?h); S is the

ventilation area, m2.

Based on the calculations of the fan performance, a surface dependence (Fig. 4) of the specific heat
consumption for drying grass on the temperature of the drying agent was constructed. t; and the increase in air
moisture content (.12 - +1). Analysis of the graph shows that with increasing air temperature and increasing
moisture content of the drying agent , the specific heat consumption of the drying process changes, which
allows us to assess the energy efficiency of the drying unit.

When drying grass in layers, 300...450 m® of air is supplied per square meter of ventilated area per
hour, and when drying grass laid in one approach x = 700...900 m3/(m?h) [14]. From the known values of air
flow rate Q, specific pressure losses for blowing the grass layer AP and the layer thickness H, it is possible to

determine the power N (kW) of the electric motor for driving the fan:
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where N is the electric motor power, kW; APy, is the pressure loss in the grass layer, Pa; H is the
thickness of the grass layer, m; # is the efficiency coefficient of the fan, # =0.5...0.8.

-
N
o

(<]
o
Specific heat
consumption, Qspe. (kJ/kg)

Fig. 4. Surface dependence of specific heat consumption for drying grass on the temperature of
the drying agent and the increase in air moisture content

Based on the specified parameters, a fan is selected that provides the required air flow, pressure, and
power.

When choosing a fan, special attention should be paid to the compliance of its performance and
developed pressure with the required flow and pressure indicators obtained during aerodynamic calculations
during the design of active ventilation systems for drying grass.

To determine the readiness of hay for long-term storage, it is necessary to walk along the haystack
after turning off the fans and then turning them on again after 8-10 hours and determine with a pyrometer
whether warm air is coming out of it. If warm air is detected, ventilation is continued until the hay moisture
reaches 17...18%.

After the haymaking work is completed, it is necessary to determine the amount of harvested hay. To
do this, measure the size of the haystacks and determine their volume. Knowing the volumetric weight of the

hay, determine the amount of harvested hay:
n
M. = Z Vei Peis (8)
i=1

where M is the total mass of harvested hay, t; V,; is volume of the i-th type of hay, m® p. is
volumetric mass of the i-th type of hay, t/m®.
The volume of the straw rick is determined by the formulas [17]:

— round-topped straw rick of low and medium height
Ve = (0.521 — 0.45b) bz ; 9)
where Vc is the volume of the straw rick, m?; | is the distance from the ground on one side of the straw rick
through the top to the ground on the other side of the straw rick, m; b and z are the width and length of the

straw rick respectively, m.
— high straw rick with a round top
Ve = (0.521 — 0.46b) bz ; (10)

— flat-topped straw rick
Ve =(0.521-0.55b) bz ; (12)

The length and width are measured at chest height on both sides of the straw rick and the average data

is used for calculations.
The weight of one cubic meter of hay can be determined by control weighing of the feed in one of the

typical haystacks 1.5 months after laying. When it is not possible to conduct a test weighing, reference data
can be used.
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5. Conclusion

Taking into account the above, it can be stated that the set of technological techniques used in

haymaking using active ventilation for winter animal housing should ensure the maximum possible
preservation of useful nutrients in grass and a combination of rational schemes for heat supply and removal.
To achieve this goal, it is necessary to improve the equipment used for haymaking, which should be
determined by the complex of characteristics of the material as an object of drying, the range of equipment
produced, and the features of production, allowing to reduce nutrient losses during mowing, stirring,
transportation to the drying site, drying and storage.

=
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AT'POIH’KEHEPHI ACIIEKTH 3AT'OTIBJII PO3CHUITHOI'O CIHA

Y cmammi npedcmaeneno pesyiomamu 00CTOHCEHHA MEXHONOIUHO20 NPOUECy 3a20Mi6T CIHA 3 000AMKOBUM
RIOCYULYBAHHAM MPAGU AKIMUSHUM SEHMWIOBAHHAM. B Yipaini matibineuwoeo nowupenns Habyno npueomyeanis
PO3CUnno20 Cina, 00 ’emu 3aeomiani sko2o nepesuuyiomsv 70 %. Po3cunte ciHo 3a20moansiiond 3 CYUHHAM CKOUEHOT
mpasu 8 noii abo 3 O0CYULYBAHHAM AKIMUBHUM BEHIMWIIOBAHHAM. 3a20MiGTs PO3CUNHO20 CIHA 3 CYWIHHAM Mpasy 8 NoJi
CYNPOBOOIHCYEMBCS SHAUHUMU GIMPATNAMU NONCUGHUX pedosun, sKki nepeguwyroms 40 %. Buxopucmannsa axmuenoeo
BEHMUIIOBAHHS Q0360JIA1E€ IMEHUIUIMU BIMPATU HONHCUBHUX PEYOBUH, OCKIIbKU 8 YbOMY GUNAOKY MPagy 3a0Upaiont 3 NOJsL
npu eonoeocmi 335...40 % i docyuyioms uuisaxom npooyeants Kpizs mpasy ammocghepHozo abo nidigpimoeo nosimps. /i
CYUHIHHSA GKIMUGHUM BEHIMUTIOBAHHAM BUKOPUCIOBYIOMb CIHOCXO08ULYA, A MAKONC 3aKPUIME RPUMIWYEHHS, 8 SIKUX MOJICYMb
OYmu 3MOHMOBAHI GeHMWIAYIIHI ycmanoeky.  Tlpu eubopi yemamkyearHs Ost CYUIHHS OOYITbHO KOPUCHTY8AMUCS
MAaKUMU KPUMEPIAMU, SIK MOXCTIUBICHTb OMPUMAHHS KOPMY 3 MAKCUMATIGHUM 30EDENHCEHHSIM 8 HIM NOMCUBHUX PEYOBUH NPU
MOJICIUBO MeHWil numoMmill eumpami enepeii Ha npoyec. Taxke cywiapHe YCMAMKYGaHHs NOGUHHE MAMU HPOCHLY
KOHCMPYKYIFO 1 3pyunicmb 00ciyeosysants. CywinHsg mpasy  6i00y6aembCsi 3a. PAXYHOK PIsHUYT MUCK)Y 6005HOL Napu 8
nosimpi i Ha nosepxwi mpasu. Tuck napu 6 nosimpi, sike HAHIMACMbC 8 ckupny mae oymu Hucuum. Taxa cumyayis
BUHUKAE, KOIU BIOHOCHA BONIOZICHb NOBIMPSL, WO 3HAXOOUMBCS 8 HOPAX MIHC POCTIUHAMU, MEHUUA DIBHOBANCHOIL BONO2OCHI
nosimps. llokazano, wo 3a20miento CiHA 3 BUKOPUCHIAHHAM AKMUBHO20 BEHMUTIOBAHHS OOYLIbHO —po32ia0amu 5K
NOMOKOBUIL Npoyec, AKULL GKTIOYAE: CKOULYBAHHS MPABU, CYWIIHHS CKOWIeHO! mpaeu 6 MNomi, NioOupanHs i
MPAHCNOPMYBAHHS TPUS NIEHOI MACU, CYWMIHHA NpUs suieHoi mpasu aKmueHUM 6eHMUIOSaHHAM. [l 3a0e3neyeHHs
Oe3nepeperHOCi NHOMOK) HeOOXIOHA PIBHICHTb BUPODIMKY 3d 3MIHY BCIX IAHOK KOMIJIEKCY NOMOK08020 npoyecy. Haseoeri
3ANEHCHOCH, SIKI O0360/SI0Mb  GUSHAUUMU:  WUGUOKICIb NOGIMPsT 6 WAPL Mpasu npu 6eHMUWIOGAHHI, HeOOXIOHY
NPOOYKIMUGHICb BeHMUIIMOPA, GUXIO CIHA 3 2eKMAapa, NUMOME 6MPAmiu MUCKY 8 UAPT KOHIOWIUHU JIyYHOL, ROMYIICHICHTb
eneKmpo08uUeyHa 05 NPUBOOY BEHMUAMOPA, 00 €M I KLIbKICHb 3a20MOBIEHO20 CiHA.

Krouoei cnosa: axmusrie 6eHmMunio8amHsl, npus suteta mpasa, Cio, CYUIHHS, 8mMpamu MUCKY, NOMOKOBULL Npoyec.
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